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@ Process for proAaing unsaturated nltrll a. 

@ A process for producing an unsaturated nitrite com- 
prising the steps of water-cooling, in aq^chlng columa a 
reaction mixture containing the unsaturated nitrite, a satur- 
ated nitrite and prussic acid, said ^act^ mixture b^ng 
obtained by ammoxldation of an olefin, absorbing the ^reac- 
tion mixture with the absorption water in an abwrpMon 
column, subjecting the resulting absorphon £ 
extractive distillation in a stripping column by using solvent 
water, taking out a distillate containing the crude urtsatur- 
1- ated nitrite and prussic acid from the top of the strippmg 

< column, and then removing the prussic acid, water and the 
„te rr£n the distillate by distillation In distillation columns 
^ of a de-prussic acid column, a deration ^"™\^ a 
• productcolumn to obtain the unsaturated n.trile. v*ere^ 
the solvent water obtained from the l°v«r |^ ^ tnestnp- 
|A ping column and being substantially free from the unsatur- 
ated nitrite and prussic acid contained in the feed to *e 
CO %p"S column is recycled as the absorption water in *e 
10 absorption column or the solvent wate. ^effluerrt from the 
O acetonhrlle^ripplng column obtained by feeding the , sol- 
W vent water withdrawn from the lower part of the said strip- 
O ping column to remove acetonitrile substarraally .s recycted 
as the solvent water in the stripping column and/or the 
A. absorption water In the absorption column, e^ractenzedm 
M that when the absorption solution effluent from the strip- 
m ping column is preheated with the solvent wat er withdrawn 



from the lower part of the stripping coluw and/or the 
solvent water withdrawn from the lower part of the acetoni- 
Xstripplng column and then fed to the stripping column 
^^rptton solution is preheated by prevtousW passing 
the same through at least one column selected fromthe 
oroup consisting of the cooler for the circulating water in 
KueSg column, the condenser for the overhead 
vapor in the stripping column, the condenser for theover- 
head vapor In the dehydration column, and the condenser 
foTtrToverhead vapor in the product column, and the 
solvent water is used, prior to pre-heatjng the above absorp- 
tton^lution. as a heat source of at least one column 
selected from the distillation columns in the ^^ uss, i c ^| d 
column, the dehydration column and the product column. 
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PROCESS FOR PRODUCING UNSATURATED NITRILE 

x This invention relates to a process for pro- 

t ^ «-s^ile bv awmoxidation o£ an ole- 
ducing an unsaturated nitrile Dy armu 

fi n, for example, a process for producing acrylonitr.le 
or methacrylonitrile by ammoxidation of propylene or 

5 isobutylene. 

^ object of this invention is to provide 

. production process having a very high energy effi- 
ciency in which sensible or latent heat at a relatively 

in the production system which 
low temperature generated xn tne p 

« heat has never teen able to he utilised is converted to 
. cooling or heating heat-source and effectively 

utilized • 

I„ the process for the production of an unsa- 
turated nitrile by nidation of an olefin, the reac- 
15 tion products at a high te-perature are cooled with 

.ater and then absorbed in a Urge amount of water (for 
e»a*ple, according to aapanese Patent Publication ». 
657/66 , absorption water is used in an amount of 17.8 
tl— the weight of acrylonitrile, , after which the 
M resulting absorption solution is repeatedly subjected to 
utstillation by heating and condensation by cooUng, 
whereby the unsaturated nitrile is separated and 
purified from the by-products and the unreacted 
aerials. Therefore, the energy retired for heating 
25 and cooling has heretofore been very much and the pro- 



-a- 0053518 

portion of energy expense in the cost has been high. 

The conventional process and the present pro- 
cess are concretely explained below referring to the 
accompanying drawings, in which Pigs. 1 and 2 are flow 
sheets showing the conventional processes for producing 
acrylonitrile and Pigs. 3, 4, 5 and 6 flow sheets 
showing the processes of this invention which appear 
hereinafter. In the drawings, 1 ... a reactor, 2 ... a 
heat exchanger, 3 ... a quenching column, 4 ... a line, 
5 ... a line, 6 ... a cooler, 7 ... a line, 8 ... an 
absorption column, 9 ... a line, 9' ... a line, 9" ... a 
line, 10 ... a line, 10' ... a line, 10" ... a line, 11 
... a line, 12 ... a heat exchanger, 13 ... a recovery 
column, 14 .... a reboiler, 15 ... a line, 15* ... a 
line, 15- ... a line, 16 ... a line, 17 ... a line, 17' 
... a line, 17" ... a line, 18 ... an acetonitrile- 
stripping column, 19 ... a condenser, 20 ... a decanter, 
21 ... a de-prussic acid column, 22 ... a reboiler, 23 
... a condenser, 24 ... a line, 25 ... a dehydration 
column, 26 ... a reboiler, 27 ... a condenser, 28 ... a 
product column, 29 ... a reboiler, and 30 ... a condenser. 

in Fig. 1, in a reactor 1, continuously fed 
propylene, ammonia and air undergo ammoxidation in the gas 
phase at a high temperature in the presence of an oxida- 
tion catalyst to give a mixture of unreacted compounds and 
reaction products such as acrylonitrile, acetonitrile , 
prussic acid and high boiling organic matters. This 
gaseous mixture at a high temperature is sent via a heat 
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X exchanger 2 to a wenching column 3. a., brought into 
contact with circulating water for ccoiing which is 
ftowing ao»n via a line 4 <» the top of the column to 
be cooled to a low temperature. In this cooling 

5 step, the high boiling organic matters and the water 

...j intn the circulating water to 
generated are incorporated into the cir 

he removed, and if necessary, a mineral acid is added to 
the circulating water to remove the unreacted ammonia xn 
th e reaction product ,.s. The heated circulating water 
10 is withdrawn from the bottom of the column through a 
lln e 5. cooled in a cooler 6, and then circulated and 
fed through a line 4 to the top of the column again, and 
a part of it is then eliminated from the system. 

The gas introduced from the top of the 
15 quenching column 3 through a line 7 to the lower part of 
an absorption column 8 is contacted with the absorption 
„ater fed via a line 9 which flows down in the column 
from the top thereof, and the acrylonttrile. aceto- 
ultrile and prussic acid are absorbed into the absorp- 
2 „ tion water. The resulting absorption solution is ta*en 
out as a bottom stream through a line 10, and the unab- 
sorbed gas is discharged from the top of the column 

through a line 11. 

The absorption solution is passed through a 

25 heat exchanger 12, heated therein, fed to a recovery 
column 13 from , somewhat upper part thereof, and then 
heated by means of a reboiler 14. The recovery column 
usually has at least 50, preferably 60 to 100 trays, and 
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1 the absorption solution is countercurrently contacted 
with the solvent water sent via a line 15 to the top of 
the column to undergo extractive distillation. Crude 
acrylonitrile vapor containing prussic acid and water is 
5 distilled out from the top of the column via a line 16, 
while the solvent water is taken out from the bottom of 
the column via a line 17. Most of the acetonitrile in 
the absorption solution is separated by distillation in 
an acetonitrile-stripping column 18 attached to the 
10 recovery column 13. The solvent water substantially 
free from the acetonitrile which has been taken out 
through the line 17 is sent via the line 15 to the 
recovery column 13, while a part thereof is passed 
through the heat exchanger 12 to be cooled and then fed 
15 as absorption water via the line 9 to the absorption 
column 8. The crude acrylonitrile vapor distilled out 
through the line 16 is cooled in a condenser 19, and the 
condensate is separated into an oily layer and an 
aqueous layer in a decanter 20. The oily layer is sent 
20 to a de-prussic acid column 21, and the aqueous layer is 
returned to the recovery column 13. 

The de-prussic acid column 21 is heated by 
means of a reboiler 22, and prussic acid is taken out by 
distillation from the top of the column and then sub- 
25 jected to fractional condensation in a condenser 23, 
whereby prussic acid vapor is separated. The bottom 
stream is sent through a line 24 to a dehydration column 
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! 25. The dehydration column 25 is heated by means of a 
reboiler 26, and the vapor taken out by distillation 
from the top of the column is condensed in a condenser 
27, and separated into an oily layer and an aqueous 

5 layer, after «hich the oily layer is dehydrated. The 

hottom stream is sent to a product column 28. The product 
column 28 is heated by m— of a reboiler 29, and the 
vapor ta*en out by distillation from the top of the 
coiumn is condensed in a condenser 30 to obtain acrylo- 

U nltrile havin, the desired quality, while the bottom 

stream is discharged. 

The conventional process for producing acrylo- 
nitrile is as described above, and involves many heating 
steps and cooling steps. That is to say, the recovery 
« column 13, the de-prussic acid column 21, the dehydra- 
tion column 25 and the product column 28 are equipped 
with the reboilers 14, 22, 26 and 29, respectively, and 
the condensers 19, 23, 27 and 30, respectively, and the 
quenching column 3 is equipped with the cooler 6. In 
20 order to increase the energy efficiency of the process 
in which heating and cooling are repeated, various coun- 
termeasures have heretofore been taken. For example, 
according to Japanese Patent Application Kokai 
(Laid-open) NO. 81,848/80, it has been proposed that 
25 solvent water at a high temperature (110° to 130°C) 

taken out of the recovery column is used as a reboiler 
neat source for the de-prussic acid column and the pro- 
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1 duct column; after which the absorption solution is pre- 
heated in the heat exchanger 12 and used as the absorp- 
tion water. However, this method has been disadvan- 
tageous in that since the solvent water becomes cooled, 
5 the quantity of heat becomes insufficient for preheating 
(in the heat exchanger 12 in Pig. D the absorption 
water to be fed to the recovery column 13, so that an 
extra heat source for the recovery column (the reboiler 
U) is needed, or in that the heat-conductive area of 
10 the heat exchanger 12 has to be made extremely large. 

in Fig. 2, the same procedure as in Fig. 1 is 
repeated, except that a part of the solvent water is 
withdrawn through a line 15' without being passed 
through the ace tonitrile-s tripping column and is passed 
15 through the heat-exchanger 12 to lower the temperature 
of the solvent water, and then is fed to the absorption 
column 8 as the absorption water through a line 9' , 
while the solvent water is withdrawn from the bottom 
through a line 17- and sent to the recovery column 13. 
20 This invention has been made in view of the situa- 

tion described above, and the gist thereof is a process for 
producing an unsaturated nitrile comprising the steps of 
water-cooling, in a quenching column, a reaction mixture 
containing the unsaturated nitrile, a saturated nitrile 
25 and prussic acid which mixture is obtained by ammoxida- 
tion of an olefin, absorbing the reaction mixture with 
absorption water in an absorption column, subjecting the 



- 7 - 



0053518 



1 resulting absorption solution to extractive distillation 
in a recovery column by using solvent water, taking out 
a distillate containing the crude unsaturated nitrile 
and prussic acid from the top of the recovery column, 
5 and then separating prussic acid, water and the like 
from the distillate by distillation in distillation 
columns such as a de-prussic acid column, a dehydration 
column and a product column to obtain the unsaturated 
nitrile, and recycling, as the absorption water in the 
10 absorption column and as the solvent water in the 
recovery column, the solvent water obtained from the 
lower part of the recovery column, free from aceto- 
nitrile, which process is characterized in that when the 
absorption solution effluent from the absorption column 
15 is preheated with the solvent water free from aceto- 
nitrile and then fed to the recovery column, said 
absorption water is preheated by previously passing it 
through at least one member selected from the group con- 
sisting of the cooler for the circulating water in the 
20 quenching column and the condensers for overhead vapors 
of the dehydration column, the product column and the 
recovery column, while said solvent water is used as a 
heat source for at least one column selected from the 
group consisting of distillation columns such as de- 
25 prussic acid column, dehydration column and product 

column before preheating said absorption water. That is 
to say, this invention is characterized in that the 
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absorption water taken out of the absorption column is 
preheated by passing it through (i) the cooler for the 
circulating water, in the quenching column, (ii) the con- 
denser for overhead vapor of the recovery column, (iii) 
the condenser for overhead vapor of the dehydration 
column, and (vi) the condenser for overhead vapor of the 
product column, and in that the solvent water effluent 
from the bottom of the recovery column is used as a 
heat source for at least one column selected from the 
group consisting of (1) the de-prussic acid column, (ii) 
the dehydration column, and (iii) the product column, 
and then heat-exchanged with the aforesaid preheated 
absorption water. Therefore, the solvent water from the 
bottom of the recovery column is not only utilized as a 
heat source for at least one member selected from the 
group consisting of the de-prussic acid column, the 
dehydration column, and the product column, but also 
heat-exchanged with the preheated absorption water, 
whereby the absorption solution can be preheated to the 
desired temperature. Accordingly, no extra heat source 
for distillation in the recovery column is needed and 
that it is not necessary to improve the capacity of the 
heat-exchanger to preheat the absorption solution. 

On the other hand, the absorption solution 
effluent from the absorption column at a low temperature 
is passed through at least one column selected from the 
group consisting of the cooler for the circulating water 
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X in the quenching column and the condensers of the 

distillation columns, and utilized for cooling the cxr- 
culating water and £or condencing the overhead vapor, 
and hence regeneration energy tor the cooUng water used 

5 can be saved. 

That is to say. it has been found that when 

the absorption water fro. the absorption coin™ is 
passed through at least one column selected from the 
gc oup consisting of the above-mentioned cooler and con- 
10 densers. there can be obtained a stable process by which 
the solvent water from the bottom of the recovery column 
can be utilised as a heat source for at least one column 
selected from the group consisting of the de-prussic 
acid column, the dehydration column and the product 
15 column, so that the heat energy can very effectively be 
saved. 

The quality of the product in the steps in the 
present process is not affected at all. 

A preferable process of this invention is 
20 explained below referring to the drawings. 

A3 shown in Fig. 3, the absorption solution at 
15° to 35°C effluent from the absorption column 8 is 
passed through the cooler 6 for the circulating water in 
the quenching column 3 and heated to 35° to 50°C with 
25 the circulating water heated to 30° to 60°C before being 
preheated with the solvent water in the heat exchanger 
12 . On the other hand, the solvent water at 100° to 
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120°C effluent from the bottom of the recovery column 
13 is used as a heat source for the reboiler 29 of the 
product column 28, and then passed through the heat 
exchanger 12 for preheating the absorption solution, to 
preheat the absorption solution to 70° to 90°C, which is 
then fed to the recovery column 13. 

As a result, the heat sources can be reduced 
by utilizing the solvent water effluent from the reco- 
very column as a heat source for the product column 28. 
At the same time, the absorption solution can be pre- 
heated to such a suitable temperature as before without 
any substantial increase of the capacity of the heat 
exchanger 12, so that no extra heat source for the 
recovery column is needed. 

The cooling water for the cooler 6 in the 
quenching column 3 can be saved as much as the quantity 
of heat recovered as described above. 

In this process, as described above, the 
solvent water effluent from the recovery column 13 is 
used as a heat source for the reboiler 29 of the product 
column 28, though it may be further used also as a heat 
source for one or more distillation columns such as the 
de-prussic acid column 21 and the dehydration column 25. 

As shown in Fig. 4, the absorption solution at 
15° to 35°C effluent from the absorption column 8 is 
passed through the condenser 19 of the recovery column 
13 and heated to 35° to 50°C with the sensible heat and 
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1 latent heat of overhead vapor at 70° to 90°C in the 
recovery column before being preheated with the solvent 
water in the heat exchanger 12. On the other hand, the 
solvent water at 100° to 130°C effluent from the bottom 

5 of the recovery column 13 is used as a heat source for 
the reboiler 29 of the product column 28, and then 
passed through the heat exchanger 12 for preheating the 
absorption solution, to preheat the absorption solution 
to 70° to 90°C, which is then fed to the recovery 

10 column 13. 

As a result, the heat sources can be reduced 
by utilizing the solvent water effluent from the 
recovery column as a heat source for the product column 
28. At the same time, the utilization of the sensible 
15 heat and latent heat of the overhead vapor in the top of 
the recovery column 13 makes it possible to preheat the 
absorption solution to such a suitable temperature as 
before without any substantial increase of the capacity 
of the heat exchanger 12, so that no extra heat source 
20 for the recovery column is needed. Moreover, the 

cooling water for the condenser 19 becomes unnecessary, 
in this process, as described above, the solvent water 
effluent from the recovery column 13 is used as a heat 
source for the reboiler 29 of the product column 28 , 
25 though it may be further used also as a heat source for 
one or more distillation columns such as the de-prussic 
acid column 21 and the dehydration column 25. Although 
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1 as described above, the absorption solution from the 
absorption column is preheated with the overhead vapor 
in the recovery column, the same effect can be obtained 
by preheating it with overhead vapor in the dehydration 
5 column 25 or the product column 28. It may be preheated 
stepwise with two or more kinds of overhead vapors. 

As shown in Pig. 5, the absorption solution 
effluent from the absorption column 8 is, prior to being 
preheated with the solvent water in the heat-exchanger 
10 12, passed through the cooler 6 for the circulating 
water in the quenching column 3 to elevate the tem- 
perature of the absorption water with the circulating 
water having an elevated temperature. On the other 
hand, the high temperature solvent water substantially 
15 freed from the unsaturated nitrile and prussic acid con- 
tained in the feed to the recovery column withdrawn from 
the side of the recovery column 13 through the line 15" 
without passing through the acetonitrile-stripping 
column is used as a heat source for the reboiler 29 in 
20 the product column 28, and thereafter passed through the 
heat exchanger for preheating the absorption solution to 
preheat the absorption solution, after which the absorp- 
tion solution thus preheated is fed to the recovery 
column 13. 

25 as a result, the solvent water effluent from 

the recovery column can be utilized as the heat source 
in the product column 28 to save the heat source. At 
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1 the same time, the absorption solution- can be preheated 
to an optimum temperature without substantially 
increasing the capacity o£ the heat-exchanger 12, so 
that no extra heat source for the recovery column is 
5 needed. Moreover, the cooling water for the cooler 6 » 
the quenching column 3 is remarkably saved. 

in this example, the solvent water effluent 
from the recovery column 13 is used as the heat source 
of the reboiler 29 in the product column. However, it 

distillation columns of the de-prussic acid column 21, 
the dehydration column 25 and the like. 

As shown in Pig. 6, the absorption solution 
effluent from the absorption column 8 is, prior to being 
15 preheated with the solvent water in the heat exchanger 
12, passed through the condenser 19 in the recovery 
column 13 to elevate the temperature thereof with the 
sensible or latent heat of the overhead vapor of the 
recovery column. On the other hand, the high tern- 
20 perature solvent water withdrawn from the side part of 
the recovery column without passing through the 
acetonitrile-stripping column and substantially freed 
from the fraction comprising the unsaturated nitrile and 
prussic acid contained in the feed to the recovery 
25 column is used as the heat source of the reboiler 29 in 
the product column 28, and thereafter passed through the 
h eat exchanger 12 for preheating the absorption solution 
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to preheat the absorption solution, after which the 
absorption solution is sent to the recovery column 13. 

As a result thereof, the solvent water 
effluent from the recovery column is utilized as the 
heat source of the product column 28, whereby the saving 
of heat source is made possible, and at the same time, 
the absorption solution can be preheated to an optimum 
temperature without increasing the capacity of the heat 
exchanger 12, so that no extra heat source for the reco- 
very column is needed. In addition, the cooling water 
for the condenser 19 in the recovery column is made 

unnecessary. 

In this example, the solvent water is used as 
the heat source of the product column 28 and may also be 
used as a heat source of at least one of the distilla- 
tion columns of the de-prussic acid column, the dehydra- 
tion column 25 and the like. Moreover, in this example, 
the absorption solution is preheated with the overhead 
vapor of the recovery column, but may also be preheated 
with the overhead vapor of the dehydrated column 25 or 
the product column 28 to obtain a similar effect. 
Furthermore, it may be preheated at multiple stages with 
at least two overhead vapors. 

This invention is as described above, and 
enables the reduction of the heat sources for the 
distillation columns such as the de-prussic acid column, 
the dehydration column and the product column and the 
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saving of the heat source for the recovery column, and 
hence requires substantially no increase of the capacity 
of the heat exchanger for preheating the absorption 
solution. Furthermore, the cooling water for the cir- 
culating water in the quenching column and the cooling 
water for condensation in distillation columns such as 
the recovery column, the dehydration column and the 
product column can be saved, and therefore, the energy 
efficiency can greatly be improved. 



-i- 0053518 

WHAT IS CLAIMED IS 

I, A process for producing an unsaturated nitrile 

comprising the steps of water-cooling, in a quenching 
column, a reaction mixture containing the unsaturated 
nitrile, a saturated nitrile and prussic acid which mixture 
is obtained by ammoxidation of an olefin, absorbing the 
reaction mixture with the absorption water in an absorp- 
tion column, subjecting the resulting absorption solu- 
tion to extractive distillation in a recovery column by 
using solvent water, taking out a distillate containing 
the unsaturated nitrile and prussic acid from the 
top of the recovery column, and then separating prussic 
acid, water and the like from the distillate by 
distillation in distillation columns of a de-prussic 
acid column, a dehydration column and a product column 
to obtain the unsaturated nitrile, wherein the solvent 
water obtained from the side part of the recovery 
column substantially free from the unsaturated nitrile 
and prussic acid contained in the feed to the recovery 
column is recycled as the absorption water in the 
absorption column, or the solvent water withdrawn from 
the lower part of the said recovery column is fed to 
the acetonitrile-stripping column to remove substantially 
all the acetonitrile, and the thus obtained solvent 
water is recycled as the solvent water in the recovery 
column and/or as the absorption water in the absorption 
column, characterized in that when the absorption solu- 
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tion effluent from the absorption column is preheated 
with the aforesaid solvent water withdrawn from the 
lower part of the recovery column and/or the solvent 
water withdrawn from the side part of the recovery 
column without passing through the acetonitrile 
stripping column, and then fed to the recovery column, 
said absorption solution is preheated by previously 
passing it through at least one column selected from the 
group consisting of the cooler for the circulating water 
in the quenching column, the condenser for the overhead 
vapor in the recovery column, the condenser for the 
overhead vapor in the dehydration column and the con- 
denser for the overhead vapor in the product column, and 
the above-mentioned solvent water is used as a heat 
source for at least one column selected from the group 
consisting of distillation columns of the de-prussic 
acid column, the dehydration column, and the product 
column before preheating said absorption solution with 
the solvent water. 
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